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REIVINDICACIONES MODIFICADAS 

I. Un compuesto de la formula I 

en la cual 

RI, R2 y R3 independientemente uno del otro son H o radicales acilo que tienen 2-10 
Ætomos do carbono;y 
R4 es H o C(0)(CH2) nCOOH, en donde n es I a 7; 
con la excepciOn do que, R2, R3 y R4 no son todos H;. 
y sus sales de fisilOgicamente toleradas 

2. Un compuesto do la fOrmula I de acuerdo con la reivindicaciOn I, en la cual 
RI, R2, R3 independientemente uno del otro son H o acetilo; y R4 es H o malonilo (n 
I); 
y sus sales fisiolOgicamente toleradas. 

3. Un compuesto de la fOrmula I de acuerdo con la reivindicaciOn 1 o 2, en el cual 

RI es acetilo R2, R3 y R4 son H; 
y sus sales fisiológicamente toleradas. 

4. Un compuesto de la fOrmula I do acuerdo con la reivindicación 1 o 2, en el cual 

RI y R3 son acetilo; 
R2esH;y - 
R4 es malonilo; 
y sus sales fisiolOgicamente toleradas. 

5. Un compuesto de la formula I do acuerdo con la reivindicación 1 o 2, en el cual 

RI yR2 son H; 
R3 es acetilo; y 
R4 es malonilo; 
y sus sales fisiolOgicamente toleradas. 
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6. Un compuesto de is formula i de acuerdo con la reivindicaciOn 1 o 2, en la cual 

RI yR3 son H; 
R2 es acetilo; y 
R4 es matonilo; 
y sus sales fisiolOgicamerite toleradas. 

7. Un compuesto de Ia fOrmula I de acuerdo con la reivindicacOn 1 o 2, en la cual 

RI, R2yR4 son H;y 
R3 es acetilo; 
y sus sales fisiolcgicamente toleradas. 

80 Procedimiento para la peparacion de un compuesto de la formula i o de una sal de 
Øl fisiolôgicamente  tolerada de acuerdo con una o varias de las reivindicaciones 1-7, 
caracterizado - por. queel microorganismo Gloeoporus dichrous (Fr.:Fr.) Bres. 
ST001714, DSM 13784, a de una de sus variantes o mutantes se fermentari bajo 
condiciories àpropiadas, u10�o-varios- derivados de caloporosido se aislan y 
eventualmente ellos son convertidos en sales fisiolOgicamente toleradas. 

Procedimiento do acuerdo con la reivindicaciOn 9, caracterizado porque la 
fermentacion se lleva a caljo bajo condiciones aerObicas a una temperatura entre 18 y 
35°C y a un pH entre 5 y B. -. 

�iO. Medicamento con un contenido de por lo menos un compuesto do la formula i o 
una sal de Øl fisiológicamente tolerada do acuerdo con una o varias de las 
reivindicaciones 1-7. 

(11 Procedimieno para la preparaciOn de medicamentos de acuerdo con la 
reiv(ndicaciOn 11, caracterizado porque al menos an compuesto de la fOrmula I o una 
sal de Øl fisiolOgicamente tolerada do acuerdo con una o varias de las reivindicaciones 
1-7 se convierte en una forma de dosis apropiada con excipientes y/o vehiculos 
apropiados. -. 

12 El microorganismo Gloeoporus dichrous (Fr Fr) Bres ST001714, DSM 13784 
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A Role for Nuclear Phospholipase CJ31 in Cell Cycle Control* 
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Phophoinositide signaling re-sides in the nucleus, 
and among the enzymes of the cycle, phospholpase C 
(PLC) appears sa the key thment both in Saccharomp 
ces c-kke and in nuvmmaban cells. The yeast PLO 
pathway produces multiple inositol pophosphataa 
that modulate distinct nuclear processes. The mamma 
lien PLCI3L, which localizes in the nucleus, is aethated 
in insulin-like growth faster .mediated m*togenea4s 
and undergoes down-regulation during murine erytbzo-
leukemia d igrentlatio PLCpl exists as two polypap.. 
tides of 150 and 140 hDe generated from a single gene by 
alternative E& splicing, both of them containing in the 
000H4esHiinal talL a. cluster of lythe residues respon-
sible for unclear localization, These clues prompted us 
to try to establish the critical nuclear target(s) of PLCIf 
subtypes in the control of cell cycle progreasien. The 
results reveal that the two subtypes of PLC AI that local-
ire In the nucleus Induce cell cycle progression in 
Friend erytbrolenkemia cells. In fact when they are 
overerpresced in the nucleus, cyclin Dl, along with Its 
kinase (cdkd) but not cyclin E is uvererpressed even 
though cells are serwn.starved. As a consequence of this 
enforced espresoisu, retinobLsstoma protein is phos-
pborylatod andi2F-1 transcription factor Is activated 

as well. On the whole the results reveal a direct eect of 
unclear PLOP,.signaling in G progression by means of a specific target, i.e. cyclin D/cdk’t It is demonstrated that an autonannous intranucleer luosit. ide cycis erisr.s and that nuclear PLCP is akey 

enzyme for cell polifczenion and diff&enfiation (1). The enzymes of polyphes-phoiuositLde turnover occur in the nucleus of_mlien cells A=d yeast as well (*d refermms fhereWand there is evidence for phospbAtidylWoMW bisphosphate (PIP) synthesis and degrade–ien in the nuclear matrix (s). The eidence obtained with confocal and electron microscope analysis indicates that enzymes zuqufred for the suthcsis and hydrolysis of phsphi-’V This work wan osperbsd by the Itolian Assodation for Cnvor Eeoeartb, Itelisa Murst COn00I Solectst Teise Beoeozch Fnad of Bologna Univet8it3r, and Italien = PP fttechn&gy zranb. The taus of publication of this article were defrayed in pert by the payment of page *hargao. This arisIc must theraibro be hereby marked °cdver-

in ascordance with 18 U.S.O. tecties 1784 solely to indicate this fact. #To whom omosponclence obosid be addressed. ’taili lcoccot biadeuc,uuIbo.it. The abbrevietious used ee; PLO. phosphoLiaas C We, ineshol rlicophstes IGF-1, ineulin-like owth factor I.; 1179, phoephatidy-lintoitol bispho9pb,%tj elk, ord eueadcnt icinesa b, sttinoblao-t5Zfl pBl), so obicatoma protein; pvft, pbLospboulaUd retinoblas. toma proIc DPJ, dithlothrithl wt, wild typ& cosittdes are localized at ribonudeoprotein struethres of the inner nuclear matt-z involved in transipt processing within the mter6romntm domains (4). Although plospbztidylbsositol cycle 

is Activated only in nuclei from liaLa cells in S phase (5), strildug changes occur mainly in PLOp, aclIVAY a few minutes after growth thetôr stimulation (1). PLCP1 is composed of two subtypes, 10-k.Da ?LCPIa and 140-kDa PLOb, that are do-rived from a single gene by alternative RNA splicing (6). The two forms of thi PLO(3. are detectable both in sytosolis and nuclear fractions althoiigbPLCb enists almost entirely in the undess (7), and the pa form localizes 

in equal amount in nuclei and plasma membrane (S). Previous investigations from our group have demonstrated that the n bus-confined PLCp is directly involved in meintth4og the undifferentiated state of Priand erytbrolaukmda cells even in the presence of inducers of ezythreid dithxentistion, poteibly due to a continuous stirs-of the cell cycle (9). With the shove in mind, we sought to arplors ’thether?LO13 is actually involved in the regulation of cell cycle machinery. In mammalian celism proliferation is under the control of factors that rogulite the transition between different cell cycle stages at two main checkpoints. The better dscdbed check.. point is at the 01.2 phaw transition for initiation and comple.. tion of DNA in 5 phase. The other checkpoint is at theG5-M PImwU=mtLaA and controls

 nætosis and cc]] division (10), The cell tyele is primarily regulated by a family of struc-turally related serine/tbramin.e protein kineses, which consist of a regulatory uhimit, a cyelin1 end a catalytic subunit a cyclth-dependaut kinesis (cdlcj. In mamwian cells, cdk4 or cdk$inccmisin*tion with the O type cydinsCD1, D2,, and D3), and edk2 in association with cycifu B play hey roles in regulat-ing progression (Ref. 11 and references therein). Furthermore, overeypressiou of B or I) type cyclina is able to accelerate the transition through the G1 phase of the call cycle (12). Sever1 lines of evidence suggest that the primarily funri-tion of D-ivpe ayolinn is to stimulate progression through G, rather than to promote the /$ transition.  in addition it 

a.-pear’ that in hematopoletic cell lines, overarpression of cyclai P2 or D3 encents granulocyte differentiation, whereas oven. expression of cycha Dl, which is nonsselly not expressed 

is 
those e&lls, does not (la). Both cycUn Din complex with cdk4 or edli.’6 and cyclin E-edkil phosphoryista the product of the zuti-nobla8-toma .gene the retinoblastorna protein (pRb), a. well kuwn tumor suppressor. This tumor suppressor activity relies on pith robe 

in gating S phase entry through its ability to repress 
genes activated by the BF family of izanacciption. factors. Iu factphosphorylatedpllb (ppRb) releases members of the E2F family that play an integral role in cell cycle progres-sion by inducing the expression of gene required for S phase 30520 This paper 6 aelIablc on line at bftp-IIww.lbc.orS 



5. JUN. 207 11 : 0:7 SANOFI-AVETIS PH. D. GMBH NR, U17 S. 4 
y r 

Nuclear PLCJ31 and CeU Cycle 30521 
ety iaeltding those involved in DNA a’ntla such as 5 
phase reatory factors cyolin B, oyeln A. md c2 (14, 15). 
AD fi%YQ 2F f=iIY=0=bW3 bind the saoe DNAe but 
additional lcvsls of regulatioA l-ave been observed as fofla 
E2F-1 an aesosate with PRb (p10); B2FpRb 
Complexes are found primarily in C; E2-4 and E?3F-8 prefer-
entially bind to p.07 and p130. Entreed expression by u,.lcro.. 
ZJseQn of induces stewed cells to progress throvgh G 
and enter S phase (18). In order to =dmt=d th* aechainm 
that cowles nuclear FLO19i end cefl siele iadzinery, we ce’-
ripA Out a detailed analysis of the epression of the proWng 
involved in the regulation of the tell cycle. For this purpose we 
lie overspraased PLCj3a and -b in thavadswcomparbrisxit 
and the mutant MZb, which lacks the nuelear localization 
seece (8, 9) in the gtopla=io compa’tnient in orez’ to Bud 
out 

hew 

nuclesr localization of PLOP, acts on celi cycle pro-
greasion and On 1,-eY signaling events that regelate the passage 
though. G, pb.ase. 

EN’rAL PROMMU 
cowwuction of Zpeskn Vcor and Transftction�The  

tell-

Length eDNA for rat PLC.8a (17), the length C)NA for VAPLC(b 
(6), and the sntent for nueleer loolizathn eaquense. Whom by site. 
liseesed muta is le residues 1058, 1063, and 1070 in veglan 2 
of the 000N termUms were titine4with isoleueine(8), were slone4 
Into PBdCUV (initrogan) e.reasion vectorplaudd as described else. 
whore (16). Wend iefls were trensfecred wing the following pretseot 

a nd=ro of 25 pj of plasXd DNA and 10 4ofTraasfestam 
(  was addsdt I  10  well  plate for 24b. 
The tunsformants were selected by 1inSt.ug dilution In MO&V= 0=-

taining the rteQ)yth1 analogue G418 at a concentration of $00 rtg/esL 
Olcees were harvested e*4 enpandeJ eepararly in the pzesertce of 

Cd! Cnttz �Murine arythraleukewiA calls (z’iezd delis, done 707) 
were grow* lWIIi 1840 enleeooutedith 10% fet*1 1Jseu. For 
erperhtioutsi prccedqz’as cells were ses-deprived for 48 h an4 then 
stimnlated with 56’sh Serum for the indicated boors (figure legends). 

Zoolafkn O(! -Ahypossoic shock combined With nan-bale do-
trgent, esseutieily dsSOThed by MarteM at aL (19), has been used. In 
adclien T4 0.3 MX phenylmethylslwonyl iluoride, IC ereepto-
etha, 1 mX E(Y. 10 a1 lenpeplbn, 0.3 p* aptotixtln, 15 L1 
caipsin I inbfoifar, and 7.5 p,g/xul esiein Ii inhibitorwere also added 

to 

the buffers. Nuclear purity was assessed by dateodoA of 34ubulin as 
SedIu ReE 20, en 

only nuclei showing in Western blot a complete 

baence of A-tabOA were used in the reported aaparrtoenta. 
pcoeaen of Cstopleamie P,eatien-’The c$oplaomie fr.cthm was 

by honoganizing COBB with 20 strokes in a Dounce bovnoge-
in 10 mm This-CI, pX 7.8 2 m MoCla plus protease inhItare an 

above and th pelleting the nuclei at 400 X g. This prsoedurc oflowe 
the recovery of pure eytoplssnis facbbcn and avoids the rink ofcontam-izat5*VL by nuclear debris that is present in the ceudo supernatantom unclear purifleatien. PW As*ey�The assay was carried out enastly as described previ-ossly (to). Nuclear VLC aettiiy in visro has been chocked by voing [’bi)phasphasidyBnoeitol bfspbesphate and then saalyaing the none-nieles of inositol 1,4.-te4horphate released per mg ofroteLnF30 mm of inwbation. F1eu Cytome1T’-texi4 cells trartafected with rarripty vector, clones overoupreesing PLCa and -b, and mutants for nuclear localization 

aeçuence  were analyzed by lsw tumstry. Briefly soils were grown 
with 1U*feteI eelfecrsm for d8h and tI%ft starvedfor 24h. Ceilswere washed In cold p phate-buffered saline sad fixedin cold TO% ethanol for 20 rein. The pellet was reseapended in a solarion containing 50 pgIzni pmàpidiem

 iodide, I mgfml sodium citrate, 1 pVWI Triton IC-iflO end 51 PtNase A and nslyzed by a FAC5tar Plus dow cyto*oter cBecton Dickinson). Ep1esrctfi Me bllky $hft sy�Nnoleor entrects were pro-pared by reruepezuling the oslia in 400 M1 of swelling buffer (10 ms epes. pH 7.9 1.5 muMg0l,,. 10 reM KCD, followe yirwubatlon on ice for10 nin. Next the lysates were vortexed far 

10  before centriation for I mia at 14.000 rpm at 4 ’C. The pelleted nuclei wore resuspended 

in 50 ILI oflysla bzffer (20 sez Hopes, pS 7.8, 25% glyesrol, 420 reM 1.6 mM IdgCIS., 0.0 
mM BDA) and left on ice for 20 min with scaalensl raising. 5ubsejuently, the lycates were centrifuged 

at 14,000 rpm for 10 reIn at 4 "C, and the eupeaeatent was stored at -70 ’C. All buerg were supplemented with 0.5 max MT and 0.2 reM phenylmoth-yioulfonyi fluoride. A. synthetic oUgencIcotide aentaining the consen-ova binding site for E2F-1, 6’-ATGOGCGCO0TTT0TCAA-’ (Santa Cruz Boteabnoloy), was used as a probe for the assay. The probe was labeled with lPldATP using T polncIeotide Xinege (Promega). 10 go of nuclear extVad was used in each binding reaction. Whero appropriate, the extract was preineabsted for 10 

reIn at room temperatwe with S paz unlabeled EN-1 oligonueleotide end 5 V on-pacific comptitr. For antibody perturbation ouperabik experiments, 0.25 gg of nsi-p1Th antibody (Santa Cruz BiotechuoIo) was added to the incabatlost lOttin prier to addition of oligonuclretid.e probe and incubated at room temperature. Subsequently, binding to 1. p1 of radio.. active EF-1 oligo was carried out in a resatien mixture contelning 1Mg of poly(dlilC), 20 xaax Kepas, p 7.6, 7, max !C1, 5 res MgCI 0.05% NUnidOt -i0, 12% gLycerol, 1. mg/mi bovine W= albumin, 0.5 max D’IT for 30 rein as room temperate DNA-protein complexes were separated on e4% ucatdenasuring polyacrylamide gel and visualized by ausarediography. Imoctanbec2 4ctysir�hnmunobIot analysis of 800 Ag of nu-clear and cyboplasmic fmations of ws wCre inamunopraeipitetcd with 2.5 ig of zs9..PLCf33 a + b Leeforut, (Trsnaductin Lebómteriea) for S h at LCC with constant  Mowed bylbofnsubationwithSOMlof protein A-Sepharose (10% wk). Foliate were washed three times in phosphata-bugatedd, saline containing 117v Nonidet P-40. twice in 0.1 

ax 
The, 0.8 M MCI, and twice in Trio, NaCII, EDTA E). Pefleta were resolved by SD-piyucrylaso1de gel elcclropboresia and b1ocd to ni-troceflulose membrane fur aubeeiscat immunodeteclen with the same antibody, followed by detection

 using EOL (iire( rshsm PharmacIai-tech). For Western blot analysis, proteins from nuclear erteast (20 pg) ware separated on an 8D0i.% polyacz’yleraide gel and transferred onto nitencefluloso paper. The following antibodies were uaed poly. elcrtal antibodies to cydlln D3, cydin E, edk2. and cdk4 frore Santa Cruz Biororbnclogy polyclonal antibediro to pEb and to ppBb for specific phosphorylat!on sites Sar495, Ser-780, end $cr-807/811, from Now Enaland Blelak. !sartuna ComplexEbrzaae4ssay�CeUe were suspended in lysia buffer centeining 50 max epes, pR 7.8, 200 max NaC1, I. max fl))TA, 0.5 sAM BG’I’A, I. max DT), 0.197o Twean 20, 10 glycerol, I. max phenylmethyl-rolibayl fluoride, 10 pg ofleupcpslo per ml, 5 pg ofaprotinin per z4 10 reM 3glycsrophoapbete 1 aiM sodium orthovanadete, and 50 mu NoF. followed by a 10-s aonication and clearing by ceutrifugrzzion at 14000 rpm fer 15 zulu. Suparnatents were assayed for protein concentration by the Bradford essay (BioRed); protein samples of 4 rug each wore then bmnunopretipitatea for at least 2.-4 b at 40 with protein A.ageroae beads pracoated with saturating emanate of the appropriate anffl2o4.v(5 4. linmuuopreeipitated proteins an heads were washed three times with I. MIoflysis buffer and twice with Idnase buffer (50 mEepes, pH 75, 1. 

mM DT, 10 mac MgC6 plus protease inhibitors, as described above). The heeds were resuspended 
in 50;41 oftimme bufibreentaizusig 2 pg of glutatbione .-trangfaso (GZT)-M769-921) foLon protein (Seam Cruz NoteebWasy. Ina), 2.5mM EWA, iO max l-glycerophoa. pbatc1 I mu Na0VQ4, 20 ,to.x ATP, end 10 CL of 1,35PJA’IP (6000C/ zureni, ION). Afoot Incubation for. $Q rein at 30 IC, the samples were boiled 

in 2x Laemmli buffer end aperated by WS-plycrylazuide gel elcctzuphoyesis. 13kNgfLorylated proteins were visualized by eQSarO to phoaphorotorage screens. The antibodies used were as follows; for cyclba D3 and cdk4, pelydonal rabbit antibodies were obtained from Santa Cruz Bieteobncicy. BE$VLS The mikellular digtxlbutlon of the tw subtypes of the *PLC13., aend b, was evaluated by Waitert blot analysis in wild type extbralekemlc Friend calls (Fig. 18). Although the PLCb is almost entirely localized in the nucleus, the PLC j3a is nearly equally distributed among the two compartments. The Western blot analysis of the clones overexpresning the PWpa, PLCb. and the mutant for the nuclear localization sequence MU, respectively, show that whereas the M2b zun-tent has lost the capacity for nuclear localization, the clones ovemnspz’esslng the two aubtypos 31a and Pb have the PLC in the nucleus, the 

b form being eniirely nuclear and the a form distributed 

in both nuelcus and cytoplasm, oven though in the latter eorpartnient it is less expressed (Fig. U.). The expres-sion of PLC& forms in wild type olla, is very low since the inmuuoprosipitated PLC fcom $00 pg of both nuclear and 10 
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3022 Nuctecz 1’LCp2 and Cell Cycle 

mdo&mWc proteth gee rise to a 6os1 even lower then the 
one obtairisd with 10 zg of potiri from nuclei or eytoIasm of 
rrsxsfeeted cells. Th* PLO activity of the clones overczpressg 
PLOa sd Mb mutant as well is the ssia repered in Ref. 9 
(iii PLCj3.a .0 t 1-5. Lb 9.3 2 0.1 nriwl of Tgimg of 
potin0 siiri of ioubatiori). Thse values compared with 
nuclsarPLO actvityin wild type cells (9 06 rio1 of 1P5/rng 

of 1a–iori) show a nearly s -fold increase of 
the.:awlear activity in the case ofLCJ3a and PLOfb (32.7 t 
2.0 nol of F5fing of protein/30 mid of incubation) with no 
changes In the awe of PLC M2h, which conversely ig S-fold 
higher in the oytoplasm. 

These features chmctmte all the clones we hftv5 selected 
for each type Of afeotent arid show a complete agreement 
between the enzmatie activity and the level of expressioa of 
the PLOP, forms, To doterdne whether PLOP;,is involved in 
tell cycle progrwalon, we aned cyclir D3, cyclin E, cdk2 
and clk4 protein exprem= in serum-starved cells end after 
thnelatlou with serum In erthrolonhezc Friend ee1l cul-
thred without inducer the protsin.levals of cyclin D3 and E 
Iluctuate during the cell oycle whereas the level of cyclin T)2 

A - -  Mb 

C N C N 0 N 
150 Kft 

B 
W5 -PtC Al 

N 0 

140 V4M 

G. L tneiyis of PW phe**Wpe In stable tasftanta 
MW l’rIsnd cells wt inmtmoblot analysis of 10 of nuclear end 
YnPIesnic baate of the stable trangfectints cs f*liows Oi’Xa cóUe 
tranfactof wh PLOP a  oulb, cells trenafected with PLCb; M26, 
caUs tr neisctnd with Zo mutant Iaciing the nuclear l0C1N=Ti0A cc-

quccea. B; i=unoblot analysis *f 00 
sg 

of nuclear (N) and tiplaa-
mis (C) fractions of wi inmumop!edpieatcd (1?) with 2.& g Of anti-
PT.C3 (a and Ib) ova T csduotIon). The Western blota (We) and 
PLC activities of stable Tmsfactantp reported here are represeAtadvt 

of 5 other clQ; which behave esactly as the ones in the fivn. ehance little. Cyclin Dl pretein is net detectEd in these cefla, Cydin D3 increases as &ls progress through G phase arid reeches a niaiwum lsvel in S phase. Qyclin E peaks at the tranitjon from 02 to S phase (2. Pig. 9 shows that in nuelesr extracts of Friend

 cells, cyclin DS with its related cdM and cyclin E were expressed at barely detectable levels in serum-starved wild type cells arid accumulated after atthulsticm with ssriisti, whereas the level of cdk2 protein whose activity is low in G1 phase and increases during S phase (2 Is constant after serum stimvl.ation. On the ooatmV, the clones oveeapressmg in the nucleus both PLOpla, and ?LCb show high levels of cyclin D3 cr4 41l4 

in serum-sP.cirved cells, whereas M2b mu. taut clone arid wild type cells as well do not. Since the expres-sion of eyeliu M does not increase in serum-starved tranefec-tents overeapressing PLCI31a or PLO3b we thought that overerpressian of anzymetically active forms of PLC( in the nucleus corild exert a specie effect, via cyclin D8cdk4 complex forroation, in sustaining cell cycle progression even in the ab-sence ofserum.Therefbrewehav evaluated theactivjtyofthe cyclin D3cc4 complan in vitro in order to establish whether the ooplex is enzyxnsttcally active. Cyclin 1)3 and cdk4 were inimimoprecipitated from total cell lysates, and immune corn-plea was then usea for in vitro ]dnase assay by using a bacte-rially produced glutatbions S-tranoferese-P,h Anion protein as a. sabshiLte Fig. 2C shows that the activity of cyclin 

D3’cdk4 eomple which is almost absent in senim-starved wild type cells and M2b clone increases after serum stimu]atio*. On the ontrary, in the clones everexpreceing PLCa and -b in the nucleus the activity of the eompliue ía present even after serun starvation, audits level is gigj]ar to that of both wild type cells and Mb clone after serum stimnition. This in vitro futwe prompted us to analyze the in vivo phosphorylation states of pith. We have evaluated piTh phosphorylation by using specific antibodies that detect specific phoaphorylated sites as follows er-7$0, Ser-795, and Ser-607/811 (New Eig1and Liol.abs). When fresh mediuni with 10 serum was added for 12 Ii to serum-starved Friend coils (’wild type cells), a siniflesnt in-orcase of pRb Ser phospboziatiori was observed on Ser-795, Ser.780, and Ses-801/611 as physiologically occurs (Fig. 3). Sytrarisfectants overexpressing both tons of PLCp1 in the nucleus ghuw high levels of pRb phosphorylation, only on A Wt 0VU OVIb Mb yxc. 2. Effect of everespreedon of PLOP, subtypes (a and b) gmd the mu- CYCUN 03 - tent M21) on both the expression and the activity of cell cycle proteins. A CDK4  changes in the level of eprcsabm of l)S and cdk4l*tho presence

 orabssaceof A lb C lh u in C lh changes iri the level of expres. elan of cyclin E and cdk2 iri she presence or absence of carom. C. changes in the actIvity of sgclin D3-ck4 coseplcs in the , Wk OVIS 0V 1b Mb ______ ______ � presen or absence of serum. Cells feoted with PLQte (Ode), cells . ,_,� --.- �....... ----- 11-11 - � feWd with PLCIB (Qull). cells tean- C NE � ., fasted with the mutant lecking the - , nuclear Iceilisation saqence (M2), and wRd type cells (M)were scrum-deprived for 45 b, and then stimnisted with fcesh serum (10%) far the Indicated time. The Western blots and the nativity as-say Of stable tranafecranta reperted here are C Wt OV IN 0V ib PA which SYCUN 03 IP CD4 IP 0 itt 0 lb 0 In 9 In 
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3. Weat of repreaaiozt f PLCA, subtypes and &e 
xantant M2b an pRb phosphorylation.Sam�tarred o2Ie, as &-
saibed in the legend to Fig, , were diluted at 2 X 106 with h 
me4tum coxttasing 10% fetal calf setete for 12 h deer wbkh t*o Rb 
?Otho17lathU was *d to peak  Abbreviatiou for wild type oel1 
and d=im are as in the previous t1rea. The membre*o as probe4 
with anti-pRb (e%’ England Biolebs) ud with anti-ppEh for 
PhNphoryktion aitoa, Ca, Sor751 er-780, azd $er.807/811 (new E. 
land BiAh) in a 7% poafioidt gL The phoq&MIwa form of 
ltb protein it incUmtod by the &ea the form not phoshe. 
t1ated it indicated bypRb The Western blots of stable tranafectant 
eportw 3 here are rspresente*O of 5 other clonea wlohbehaved in an 

iden1ic1 fealsa, 

Ser-78, aven during serrn starvatlou, whereas this dcies not 
oir at all in both the M2b mutant and the Vila t,vpe cells 
CFi. 8). Indeed cells overexpressing PLCOL in the nucleus show 
phosphorylated pRb (Ser-795) after serum stezvation for 48 b. 
The two antibdies against phes orylation sites &r-78t) and 
Ser.807/11 did not reveal any plicrsphorylation in serum. 
started r-lonas overexpressing PLOp, in the nrcles. The phos-
phorylation in starved clones, over ressin PLQP in the 
nucleus is restricted to Ser-795 Possibly indicating a specific 
effect of the nnelitsr locelLzatlon of PLC3. It is concluded that 
the overexpression of PLCO14L nd .b in the nucleus up-regu-
lates both the enression end the activity of the cyc)iu DSt&4 
omplex and aºcte pRb phosphorylatim The absence of these 
two events in cells overeprasthng the same PLC in the eyto-
ds.sxrdc colnpar(aant indimtes a very epeoie eihet liked to 

the aubcefluhw looWization of this signaling PLO. 
The llb protsia bind to a number of caular proteins like 

EZF that are invplvd In the relation of tremmption of 
genes relevant for the oontrcl of the ce)1 cycle. E2F transcrip-
tion fcinrs regulate the trancftiio from the G to S pbae, and 
Its activity is regalated by members of pRb fanl1y (2) and 
appears to be a d.ecctatreum step of the signaling cascade that 
takes plane in G3. phase. To assess whether overenpressioA of 
the two subtypes of PLCj31 euld affect functional chageg In 
E2F activity, we evaluated E2FDNA. binding activityinrestirig 
cells and in cells aft’ stimulation with sruw Fig. 4 shows the 
effct of the overanpression of PLO J3,a and -b on 2F-1 binding 
(18). As expected, in serum-stasved clones o’erexpresaing the 
two nuclear subtypes of PLCp the binding actWty was higher 
than in wild type cells and M.2b mutant cells snggesting that 
PLCj3a and -b when lces]lzed in the nuelette ÆrO indeed in-
volved in the ?egelaou of proteins responsible for the progres 

of cefl cycle. To address whether, after serum Aamation, 
pRb Is bound to E2F-1 in both wild type cells and Mb done 

and not in Rerun.
-staved cells expressing PLOj3.a and-bin the nucleus, we have added, anti-pEb antibody in the binding as-,say. Fig, 4 shows a change Lu the mobility’ of the B9’-1 co]xlple only in serum..cterved wild type calls and Mb mutant clone, These ebrvations indicate that the E2F-1 transmiptift factor is already released fsctm pRb in serun-ttaz’ved Ftiend cells orurexpreseing PLCJ3a or -b in the nucleus. Given that E2F tranccrpticzn factors play 

an integral role in cell cycle progres-sion by Inducing the sapressiAn
 of genes recjuired for S phase ent, we checked the effect of the sverexpressian of PLO1a B ’Vt - $ 10 * ISle C l2bOl2tIi cc VU E2F 80523 4- r-MC690 , Freelg0 Fla. 4. Effect of ’LC^ lL4J3b, and PLCJ1M2b overanpres-elan on E2P-DNMinding activhy. £ebreviaoas for wild type cells and clene are as in the previous Zgoxea. Seru,n-starved ce)] (4$ Ii) were stimulated by eLddition, of fresh serum for 2.i b. ThAcomple forastion was. determined by DNA gel mobility sh$I a5sov (Al y’or unbody perurbatian aupers1dfI experiments, anti-pRb antlboy was added to the incubao* In samples from serum-starvod wild type cells and elcetes expressing PI4Q,$ Ce). m preincubation with unlabeled !2P-1 oil oltotide; ez&, preincobation with nosspccic competitor. The stable trsnafeete.ts reported here are representative of 5 other which behaved 

in an idntica1 fashion-ashion.and -band-b and M2b mutant on the lidiaviur of the cell cycle in the transfectants by means of flow cytonietry. Tn the presence of serum the clones overexpresaixig ’LCa and -b show a cell cycle proMe characterized by a higher S phase compared with wt and the Mb mutant 3). Moreover, when the clones overezpressing PLC0a and -b in the rLudow are serwu. 

tarved, they still maintain a higher S phase compared with wt and M2b coils, the how cytomthic analysis of which ahot 

an 
almost complete blocle 

in G1 pbaso Therefore, cells ever"-pressing the two subtypes of PLOP, could at least in part effactLvly replace the requirement for serum 

en 
a udtogcthc signal. DISCUSSION Nuclear PLOP1 signaling was suggested to be one of the earliest Ovents following both exposure ofhuxnan osteosarcoma Snos cells to intrlen-le (28) and mirrine 3T3 cells to TGF-1 decrease 

In nuclearhydrolysis and down-regula-tion of nuclear PLOp1 have been detected during differentia-tion of e fboleukemia celia (24). Moreover, we have shown that nude= ?LCp1 is in-olved 

La niaiutaixiing the undifferen. 
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is oufficient.t promote oeU ay*le pro. 
greo., Cells were grown with 10% t-
tel eelf samm CFCS) for 48 h and than 
starved for 24 b. Abbieev?Atjow for wth 
MW *Qs and dense are na2n the pevi-
oa AgnrW Bodx !a the presence and ab-
aeoee of ser. 1o55 ove 1r0sg nu 
eloar LC show a higher S phue es 
oompÆred wi!h type end M2b-trans-
htyted douse. The &tebIa eeas *ants x*. 
potod hor are, reproaeutative of 5 other 
oloues wbith behaved In en identical 
fthion 
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tisted state ofIriere. ertWetikemia ceflspossibly by oppos-
ing the iaibition of the Cell cycle pgtesen nwm=7 for 
eahroid dieretistjori(9). Thus this isafor= is a good csndi 

growth and Proliferation. The contention that subeeThilar lo-
iisatkn of the inositol lipid eyde is central to the ftnation of 

the cycle itself in eotroUisg the sgna]ing events l 
strengthened by the disooery that inSa omycs ogrgvisk.e 
a nuclear PLC, called PLO1, homologous in fenction to the 
zcajnxnalian PLCj, and two isosltol poLyphDaphate )aeas 
constitute a ciga1ixi pathway that affects taaeription1 *=-
ttol  Our study was intended to find out bow nuclear 
PLCp, Is involved In the taUIatiOA of cellular proWeTation. To 
e44xeas this Issue we have bied to Identify the taigete of 
nuclear ?LCI In the nw.lear compartment. Therefore we &Tpt 
ezaicined the owpzessioa of cyclirts and cilks associated with 
GS phus ineition. Our :evidenea suggetha that the o"eror-
preion of PLOP, in the nucleus is &reodyxespo=Ue for the 
overp’cssicn ar.d c qdin  which.. 
i,-, IMIDNAM to stimulate proreselo. through G ratl than 
promote the. G18nsition (U). This Is indeed a speci& 
target, given that the other aydlin, cyclin E. wlxch is responsi-
ble for Os-S transition (26) is not affected at all by mielear 
PLCfl.. The two Splicing products of this isofbnu behave in the 
same fashion, even though the lb is more spuffic for nuclear 
IftalizatiQA and la localizes elso in the q’toplearcIc compart-

Ønt. This suggests that once PLCj31 is in the nucleus its role 
is different from its ootersrt ’ocated at the plasma mem-
brane. Thus is euported by the absence of an eeot follôw–ng 
overenpression of the Mb mutant in which PLC localizes w’

elusively to the cytosulic compartment (3, 9). In this case the 
on both cycltin DS and cdk4 as wall are totally absent.. 

Qzi.ly the clones ovexnresaing both PLCs1a and .b, but not 
the W2b mutant, show a higher S phase ompsred with wild 
type and iint.ed clones both in cycling and serum-
starved cells. This implies tl* since cyclin E is not afl’ected, 
both the overexpression and the aetivatiu of the cyclin 
34 complex.m acttrefl7 responsible for maintaithng the 

cell cycle progression. ))ownatream events such as the phos. 
of pRb and the subsequent release of E21 ’an-

eci4ption factor are also sely observed in PLCIa and -b clones 
after serem mimdm. 

It shmAd be noted that the overcepresaion of PXCPI in the 
nucleus gives rise to en atiasily functional PLC whose ac-
tivity is 2" higher %*n the one of wt This enhanced 
ielin oupedty generates second messengers such as diacyl-

giycerol, whose role in nuclear protein lnase C activation has 
been widely explored (19, 21, 8) and. Inositol tniaphoaplrate, 
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whoekinae by producingthe other inositol polypho-
are involved in niftNA export and tra=cmptiou in 

yeast (25). Thna, data reported here appear to shed new light 
on the lipid-mediated signaling rnetthry residing in the nu-
cleus, implisating nuclear PWRI as a 1c7 clement for the 
specific regulation of the cydlin D3od14 complex and its dc-
seam targets such as pRb and E2’ in falitathg Cell cycle 
ProgressineL 
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Alois Fürstner*,t and Ingo Konetzkl 

Max-Planck-Institut ii,r Kohienforschvmg, D-45470 jVtulheim/Ruhr. Germany 

Received January 5. 1998 

The first total synthesis of the fungal metabolite caloporoside I a strong and selective inhibitor of 
phospholipase C, Is described. Both sugar units of Its complex dlsaccharidlic segment were obtained 
from 3,4,6-tri-O-benzyl-D-glucopyranose 14 as a common building block, with D-gluco - D-manno 
inversions as the key strategic elements. This particular substitution reaction occurred readily on 
the acyclic segment (27 - 28), whereas ultrasonicatlon was required to override adverse 
stereoelectronic effects upon formation of fl-n-mannopyranoside unit 34. The (169-hydroxyhepta-
decylsalicylic acid part of 1 was efficiently prepared by a palladium-catalyzed Suzuki cross coupling 
reaction of aryltriflate 7 with the 9-alkyl-9-BBN derivative formed from alkene 6 and 9-H-9-BBN. 

Introduction 

The efficient formation of fl-o-mannopyranosidic link-
ages constitutes one of the ultimate challenges In oligo-
saccharide synthesis.’ Conventional glycosidation strate-
gies exploiting the anomeric effect of a pyrarioside 
template and/or the anchimeric assistance of proper 
ubstituents on 0-2 strongly disfavors this particular 

type of 1.2-cis arrangement. Despite some progress in 
direct /9-D-mannoside syntheses2 as well as in enzymatic 

- marinosylation reactions,3 the most efficient entries into 
this particular type of glycoside still rely on Indirect 
methods (Scheme 1). Notable among them are (I) ste-

(7 reoselectivc reductions of j3-D-arabino-hexopyranos-2-

ulosides formed either directly via ulosyl bromide donors4 
or indirectly by oxidation of 2-0-unprotected fl-gluco-

9 sides,5 (ii) welldesfgned molecular arrays using tempo-

rary
linkers "Y" which transfer the aglycon in an entrop-

5) ically favored Intramolecular process to the fl-side of the 

44... glycosyl donor (’intramo1ecu1ar aglycon delivery"),6 and 

a(ill) fl-o-gluco - fl-D-manrrn inversions via SN2 pro-
cesses.78 

e-mail: fuerstnersmpi-muelheim.mpg.de. 
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While strategies (I) and (11) usually require protecting 
group manipulations prior to the glycosylatlon event and 
are restricted to fairly reactive glycosyl acceptors R1OH, 
method (Ill) suffers from adverse stereoelectronlc effects 

(6) (a) Stork, G.; Kim, G. I. Am. Chem. Soc. 1992, 114. 1087. (b) 
Stork, G.; La Clair, J. J. J.  Am. Chem. Soc. 1986, 118, 247. (c) Dan, 
A,; Ito, Y.; Ogawa, T. I. Org. Chem. 1995, 60. 4680. (ci) Ito, Y.; Ogawa, 
T. Angew. Chum. 1994, 106, 1843. (e) Dan, A.; Ito, Y.; Ogawa, T. 
Tetrahedron Lett. 1995, 36,7487. (1) Barresi, F.; Hindsgaul, 0.1. Am. 
Chem. Soc. 1991, 113,9376. (g) Barresi, F.; Hindsgaul, 0. Synlett 1992, 
759, 

(7) (a) David. S.; Maueron, A.; Dliii, C. Carbohydr. Res. 1989, 188, 
193. (b) Sato, K.; Yoshitomo, A.; Takal, Y. Bull. Chern. Soc. Jpn. 1997, 
70,885. (c) Sato, K.; Yoshitomo, A. Chem. Lett 1995, 39. (d) Matsuo, 
I.; Isomura, M.; Walton, R.; Ajisaka, K. Tetrahedron Lett. 1996, 37, 
8795. (e) Kunz H.; Gunther,W.Angew. Chem. 1999,100,1118-1119. 
(I) Gunther, W.; Kunz, H. Carbohydr. Res. 1992, 228,217-241. ( 
tJnverzagt. C. Angew. Chem. 1994, 106,1170-1173. 

(8) For yet other methods, see: (a) Ilmorl, T.; Ohtake, H.; Ikegami, 
S. Tetrahedron Leta 1997, 38, 3415. (b) Yamasaki, N.; Fichenberger, 
F.; Curran, U. P. Tetrahedron Lett 1994, 35, 6623. (c) Crich, U.; Sun, 
S.; Brunckova, J. J.  Org. Chem. 1998, 61, 605. (ci) Crich. D.; Hwang. 
J.-T.; Yuan, H. J.  Org. Chem. 1999, 61, 6189. 

S0022-3263(98)00009-7 CCC: $15.00 ' 1998 American Chemical Society 
Published on Web 04/16/1998 



Zepresens 2’ and 



H: 

Total Synthesis of Caloporoside 

of the ring oxygen atom along the trajectory of the 
entering nucleophile, which generally impede nucleo-
philic substitutions at C-2. 

With this background in mind, the synthesis of calo-
poroside 1,9 a secondary metabolite Isolated from talo-.. 
porous dichrous, represents a formidable task. The major 

�--problern Is obviously posed by Its fl-D-mannopyranosyl-
D-mannonic acid part, although further complications 
arise from the acylation pattern of this saccharidic 
segment: Only the axially oriented (and hence rather 
unreactive) 0-2’ of the mannoside as well as the 0-2 
position of the acyclic mannonate unit are acetylated. 
Therefore the attentive choice of orthogonal protecting 
groups throughout the synthesis Is of eminent importance 
for the regloselective Introduction of the OAc residues as 
well as for avoiding any migration or cleavage of these 
esters during the final deprotection steps. 
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Caloporoside itsŁ1f, as well as its deacylated analogue 
2 and the monosaccharidtc congener 3, which were both 
isolated from a culture broth of the fungus I-IA 137-89,10 
are very attractive targets for total synthesis due to their 
pronounced physiological effects. Specifically, 1 has been 
shown to be a strong and selective inhibitor of phospho-
lipase C, whereas 2 and 3 are inhibitors for the GABAA/ 
benzodiazepine chloride channel receptor complex and 
thus constitute neurotransmitter modulators of potential 
pharmacological relevance. 

(9) Weber, w.; Schu, P.; Anke, T.; Velten, R.; Steglich, W. J. Andb!ot, 
1994, 47, 1188. 

(10) Shan, It; Anke, H,; Nielsen, M.; Sterner, 0.; Witt. M. R. Nat. 
Prod. Lett 1994, 4,171. 
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Scheme 2 
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Tatsuta et al. have recently reported syntheses of 2 
and 311 In parallel work, we have outlined a modular 
entry into their common 6-alkylsalicylic acid "aglycon" 
as well as an efficient synthesis of compound 3 as the 
elementary member of this series of fungal metabolites 
based on the "ulosyl bromide strategy" (Scheme 1, method 
i) for the construction of the fl-D-mannosldic linkage.12 
We now disclose the first total synthesis of caloporoside 
1 Itself with the proper acylatlon pattern, which relies 
on a highly efficient fl-o-gluco - fl-n-manno inversion 
promoted by ultrasound as the key step. 

Results and Discussion 

Retrosynthetic Analysis and Formation of the 
Building Blocks. Our retrosynthetic analysis Is sum-
marized In Scheme 2. The formation of the salicylic acid 
part essentially follows the route outlined previously: 
thus, (R)-propenoxlde 4 delivers the chiral information 
and a Suzuki cross coupling Is used to attach the alkyl 
chain to the salicylic acid nucleus.12 Furthermore, we 
envisage two D-gluco - D-manno inversions to afford the 
proper stereochemistry in the sugar portion of 1. This 
strategy has the Inherent advantage that both units of 
the disaccharide can be traced back to the same glucose-
derived precursor. By choosing benyI-prntecting grnups 
throughout this convergent synthesis, any scrambling of 
the acetyl residues of caloporoside in the final deprotec-
tion step should be precluded. 

Reaction of 13-tetradecenylmagneslum bromide with 
(1-propenoxide 413 catalyzed by CuC1(COD) followed by 
silylatlon of the resulting enant,iomerlcaily pure alcohol 
5 cleanly affords alkene 6 (Scheme 3). Its hydroboratlon 
with 9-14-9-BBN climer and subsequent addition of NaOMe 
leads to a borate complex which undergoes an efficient 
cross-coupling reaction with aryl triflate 7 in the presence 
of PdC12(dppf) (2.5 mol %) and KBr as a stabilizing 
agent. 12.14 Treatment of S with the sodium salt of benzyl 
alcohol readily cleaves the isopropylidene group and 
affords the corresponding benzyl ester which is protected 
at the phenolic OH with BnBr/K2CO3 to provide com-
pound. Desilylation of the latter leads to alcohol 10 in 
excellent yield which Is used as a first key building block 
for the assembly of 1. 

(11) (a) Tatsuta. K.; Yasuda, S. Tetrahedron Let? 1996, 2453. (b) 
Tatsuta, K.; Yasuda. S. J. Antlbiot. 1996, 49,713. 

(12) Furstner, A.; Konetzkl, I. Tetrahedron 1996, 52, 15071. 
(13) Now readily available according to Tokunaga, M.; Lan-ow, J. 

F.; Kakiuchi, F.; Jacobsen, E. N. Science 1997, 277, 936. 
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Scheme 3 
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[c] 
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jBuMe2SIO 

On  0 

BnO 

10 R=H 4 

[c] 13-tetradecenylmagneslum bromide, CuCL(COD) (10 mol 
%), THF, �78 C � rt, overnight, 86%; [b] TBDMSCI, finidazole, 
DMF. rt, 94%; [cJ (1) [9-1-I-9-BBN]z (0.5 equiv). THF; (ii) NaOMe 
(1 oquiv), KBr (1.1 oqulv), PdC1(dpp (2.5 mol %), THF, re1ux, 
overnight, 86%; [d] (1) BnOI-I, Nail, DMF, 3 h, rt, 92%: (ii) BnBr, 
K5CO3, DMF, 4 h, reflux, 93%; [c] TBAF, TI-IF, rt, 89%. 

Scheme 4 

OAo OR 

RO 

11 OEt 
12 RaAc 

13 R= On 

OBn 

[c,d] 

OM 

OH 

14 

tel Bu4NBr, s.coflldlne, EtOH, 85%; [b] BnBr, KOH, THF, 81%; 
[ci 2 N HC1. THF; [dJ K2CO3. MeOH, 1 h. it, 87% over two steps. 

Acetobromoglucose 11 is converted into 3,4,6-tri-O-
benzyln-glucopyranose 14 In four conventional steps on 
a multigram scale by closely following a literature 
protocol.4a This compound serves as a common interme-
diate for both sugar units of caloporoside (Scheme 4). 

The second building block was obtained from 14 by 
simple acylation with chioroacetic acid anhydride and 
subsequent displacement of the anomeric ester group 
with HBrIHOAc. The crude glycosyl bromide 16 thus 
obtained was used without further purification (Scheme 
5). 

Filrstner and Konetzkl 

Scheme 5a 

OBn 

14 30 r%4 ----w -
RO OR 

15 RC(0)CH2C( 

a [a] (C1CH2C0)20, pyridine, �20� �10’C, 1.5 h. 85%; [b] HBr/ 
FlOAc, CHCb, 0 C rt, 3 h. 95%. 

Scheme 5 

BnO OH 
[a] 

OH - 14 
-k ano__Lr 

OBn 
17 

1$R=I-I 
ltd 

19 R tBuMe2SI ’ 

SnO OR BnO OH 

Ono OH
 + BnO/l0R 

tHuMe2SI6 OBn tBuMe2SO OBe 

20 21 

BnO 

J!L Bn0((OH 

tBuMe2S16 OBn 0 

22 (R = 3,44methoxybenzyi) 

[a] NaBH4, THF/H20, 0 C rt, 2 h. 96%; [b] 3.4-dlinethoxy-
benzaldehyde, H2SO4 cat., MS 3 A. CH5Cl2, 3.5 h, 84%: [c] 
tBuMeaSlCl, lmldazole, DMF, 15 h, it, 91%; [d] BH3THF, THF, 
reflux, 2 h, 20 (62%) + 21 (32%); [eJ (I) Swern oxidation; (ii) 
NaC1O2, HS03NH2, THF/H20, rt, 10 min, 93%. 

Reduction of 14 with NaBH4 provides triol 17 which 
Is transformed Into the dlmethoxybenzylidene acetal 18 
and then silylated as shown in Scheme 6. Subsequent 
reductive cleavage of the acetal In 19 Is best achieved 
with BH3’THF,15 affording the desired primary alcohol 
20 In 62% yield together with 2% of the regiolsotneric 
product 21; the latter can be readily separated by flash 
chromatography. Reducing agents other than borane for 
the cleavage of the acetal did not Improve the Isomeric 

(14) Review: (a) Miyaura, N.; Suzuki, A. (Them. Rev. 1995,95,2457. 
For applications of Suzuki reactions from our laboratory, see: (b) 
F5rstner, A.; Seidel, G. Tetrahedron 1995,51, 11165. (c) FOrstner, A.; 
Seidel, G.; Gabor, B.; Kopiske, C.: Kruger. C.; Mynott, R. Tetrahedron 
1995, 51,8875. (d) Ftirstner, A.; Nikolakis, K. LiebigsArn. 1998, 2107. 

(15) (a) Fleming, B.; Balker, H. 1. Can. I Chem. 1974, 52,888. (b) 
See also: Tsurl, T.; Kainata, S. Tetrahedron Lett 1985, 26, 5195. 
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Total Synthesis of Caloporoside 

ratio but rather compromised the yields. Swern oxida-
tion’0 of 20 followed by exposure of the resulting crude 
aldehyde to NaC102IHS03NH217 in aqueous THF provides 
the properly protected gluconic acid 22 as the third 
building block for the synthesis of 1 (Scheme 6). 

Assembly. With building blocks 10, 16, and 22 In 
hand, we tackled the assembly of the caloporoside 
skeleton. Thus, by using the chioroenamine reagent 24 
developed by Ghosez et a1.,8 It was possible to convert 
the gluconlc acid 22 under strictly neutral conditions Into 
the corresponding acid chloride 23, which was im-
mediately trapped with alcohol 10. As It proved difficult 
to separate the resulting ester 25 from traces of unre-
acted starting materials by flash chromatography, crude 
25 was deprotected by oxidative cleavage of the dlmethoxy-
benzyl group with DDQ In CI-12C12.10 The purification of 
the corresponding alcohol is readily achieved, leading to 
pure 26 in 74% yield over three steps without any 
racemization of the C-2 stereogenic center. Moreover, It 
should be mentioned that the use of the 3,4-dlmeth6xy-
benzyl group was a key to success: while this group was 
readily split off by DDQ, the corresponding 4-monometh-
oxybenzyl ether could not be cleaved under these condi-
tions (Scheme 7). 

Treatment of alcohol 26 with trffluoromethanesulfonic 
acid anhydride in pyridlne/CH2C12 affords the rather 
unstable triflate 27 which readily reacts to the desired 
D-mannonic acid ester 28 on addition of KOAc In DMF 
(Scheme 7). Surprisingly though, we noticed a pro-
nounced effect of the temperature on this process: while 
the intermolecular substitution proceeds cleanly at ambi-
ent temperature, an Intramolecular reaction prevails at 
o °C leading to the formation of the tetrahydrofuran 
derivative 30 via attack of the 5-OTBDMS ether rather 
than external KOAc onto the trlflate.20 

The desilylation of mannonate 28 turned out to be 
somewhat delicate: both the use of TBAF and of HF/ 

MeCN lead to the concomitant cleavage of the mannonic 
acid ester, while pyridinium p-toluerzesulfonate Is totally 
ineffective. The use of BF3Et2O in CH202, however, 
cleanly affords the desired alcohol 29 in 83% yield, which 
Is glycosylated under modified Koenigs-Knorr condi-
tions" with glucosyl bromide 16 using Ag on silica/ 
alumina as the promotor (Scheme $).22 Since the anchi-
meric assistance exerted by the chioroacetyl group directs 
the glycosylation to the fl-side, disaccharide 31 is obtained 
In good yield and excellent selectivity; the chioroacetyl 

(16) Review: Mancuso, A. 3.; Sworn. D. Synthesis 1981. 165. 
(17) (a) Lindgren. B. 0.; Nilsson. T. Acta Chem. Scand. 1973, 27. 

888. (b) Colombo, L.; Gennarl, C.; Santandrea, M.; Narisano, F.; 
Scolastico, C. J. Chen,. Soc.. Feridn Trans. 11980, 136. 

(18) (a) Devos, A.; Remion, 3.; Frisque-Hesbaln, A.-M.; Colons, A.; 
Ghosez, L. J. Chem. Soc., Chem. Commun, 1979. 1180. (b) l-laveauz. 
13.; Dekoker, A.; Rena, M.; Sidani, A. R.; Toye, 3.; Ghosez, L. Org. Synth. 
1980, 59, 26. 

(19) For a review, sea: Greene, T. W.; Wuts, P. C. M. Protective 
Groups in Organic .Synthesis, 2nd ed,; Wiley: New York. 1991. 

(20) For a review on carbohydrate-derived trlllates. see: (a) Br1k1ey, 
R. W.; Ambrose, M. G. J. Carbahydr. Chem. 1984, 3, 1, (b) See also: 
Stang, P. 3.; Hanak, M.; Subrarnauian, R. L. Synthesis 1982, 85, (c) 
Carbohydrate-derived triflates are prone to ring contraction via 
intramolecular substitution reactions, cf Binidey, R. W. J. Org. Chew. 
1992, 57, 2353. (d) Wheatley, J. R.; Bichard, C. J. F.; Mantell, S. 3.; 
Son, J. C.; Hughes, D. 3.; Fleet, G. W. 3.; Brown, D. J. Chem. Soc., 
Chew. Coinraun. 1993, 1065 and references cited. 

(21) For reviews, see: (a) Paulsen, H. Angew, Chem. 1982, 94,184; 
Angew. Chew., Ini Ed. Engl. 1982, 21. 155. (b) Schmidt, R. R. In 
Comprehensive Organic Synthesis Trost, B. M., Fleming, I., Eds.; 
Pergamon: Oxford, 1991; Vol. 6, p 33. 
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e [a] 10, DMAP. CHClz. C) C - it. 16 h; [b] DDQ, CH202IH20. 
0 C - it, 3.5 h, 74% (over last three steps steps); (c] trillic 
anhydride. CHzClzlpyrldine, 0 C, 15 mm; [d] KOAc, DMF, rt, 1 
Ii, 75%; Eel KOAc, DMF, 0 C rt, 30 (75%) + 28 (18%); [t) 
BFrEtaO, CH2C12, 0 C ii, 1.5 Ii, 83%. 

residue can then be selectively cleaved off with thiourca23 
without affecting the resident 2-0-acetyl substituent on 
the mannonate entity (31 32). 

This sets the stage for the crucial 13-D-glucopyranoside 
fl-D-mannopyranoside inversion process: formation of 

triflate 33 under standard conditions followed by treat-
ment with Bu.4NOAc In toluene cleanly provides the 
desired 2-O-acetyl-fl-D-mannopyranosyl-D-mannonic acid 
ester 34 without any formation of the undesired gluco 
isomer Interfering, provided that the reaction Is carried 
out with ultrasonication (Scheme 8). In the NMR spec-
tra, the observed coupling constants J1-n’,H2’ at 1 Hz and 

(22) Van Boeckel, C. A. A.; Beetz, T.; Kock-van Dalen, A. C.; van 
Bekkum, H. Red. Tray. Chirn. Pays-Bas 1987, 106, 596. 

(23) For precedence, see La.: Naruto, M.; Obno, K.: Naruse, N.; 
Takeuchi, H. Tetrahedron Leta 1879, 251. 
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Scheme 8 
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[a] Ag on silica/alumina, MS 3 A. CH202, �5 1C, 45 mm, 
74%; [b] thiourea, NaaCO, EtOHICH2Cl2, reflux, 4 h, 75%; [c] 
triflic anhydride, pyridine, rt, 45 mm, 78%; [d] Bu4NOAc, toluene, 
ultrasound, 16 h, 95%; [c] H2 (1 atm), Pci/C (5%), MeOH + FlOAt 
(1%), 22 h, 96%. 

Jcr,i-ii’ = 156.8 Hz confirm the fl-D-mar.zno arrangement.24 
Although similar ultrasound-assisted D-gluco -. D-manrlO 

Inversions using CsOAc have been recently described In 

the literature,Th,t we would like to stress the fact that 

Bu4NOAc exhibits a far superior reactivity In this difficult 
substitution reaction and ensures a much more efficient 
product formation. Furthermore, It should be noted that 

attempts to effect the Inversion under thermal conditions 
either failed to afford any 34 or led to rather complex 

mixtures if the reactions were run under more forcing 
conditions. 

Hydrogenolysis of the eight benzyl protecting groups 

in the fully protected mannoside 34 over Pd on charcoal 

In MeOH/HOAc (1%) affords caloporoslde 1 in near 

quantitative yield and completes the first  total synthesis 
of this demanding target. Its spectroscopic and analytical 

data are in full agreement with those reported in the 

literature. 
While previous synthetic studies were able to devise 

elegant and efficient routes to the deacetylated analogue 
Z11 and the monosaccharidic congener 31112 of caloporo-

side, the synthesis outlined above is the first one to 

address the problems posed by the acylation pattern of 

this Important target. The ultrasound-driven nucleo-

philic displacement of a 2-O-trlflyl group by Bu4NOAc 

Installs the required -n-mannosidlc linkage and thereby 

solves the regiochemical Issues. We are presently explor-

ing the scope of this promising new approach to fl-u-
mannopyranosides in more detail.?’ 

(24) For the assignment of the axiomeric configuration via Jcm 

see: Bock, K.; Pedersen, C.]. Chem. Soc., Perkin Trans. 21974. 293. 

Furstner and l(onetzkl 

Experimental Section 

General. All reactions were carried out under Ar in 
predried glassware using Schienk techniques. The solvents 
were dried by distillation over the drying agents indicated and 
were stored and transferred under An CH2C12 (P4010). toluene 
(Na/Ka), TI-IF (magneslum/anthracene), DMF (Desmodurfi, 
Bayer AG; dibutyltin dilaurate), pyridine (KOH), EtOH (Mg), 
MeOH (Mg). Flash chromatography: Merck silica gel (230-
400 mesh) using hexane/ethyl acetate in various proportions 
as eluent. For the Instrumentation used and the spectra 
formats see ref. 25f. Mp: Gallenkamp apparatus (uncor-
rected). Elemental analyses: Dornis & Kolbe, MUlhelm. 
Commercially available reagents (Aldrich, Fluka) were used 
as received. 

2-Benzyloxy-6-{ [(16R)-tert-butyldimethylsllyloxyl-
heptadecyl}benzoic Acid Benzyl Ester (9). Benzyl alcohol 
(10 mL) was added to a suspension of NaH (0.51 g, 22.18 mmol) 
in DMF (40 mL) at (I C, and the mixture was stirred for 30 
mlii while being warmed to ambient temperature. Dioxinone 
8 (4.00 g. 7.31 mniol)12 was Introduced and stirring was 
continued for 3 h. The suspension was neutralized with 
aqueous 1 N HCl, buffered with saturated aqueous NaHCO3 
(50 mL), and extracted with Et20 (3 x 50 mL). The combined 
organic layers were washed with water (50 mL) and dried over 
Na2SO4, and the solvents were removed in vacuo. Flash 
chromatography (hexane/ethyl acetate 15:1 -. 10:1) of the 
residue yielded 2-hydroxy-6-{[(16l-tert-butyldlmethylsIiyloxy]-
heptadecyl}benzaic acid benzyl ester as a colorless oil (4.01 g, 
92%): [O.]20D �4.9° (c8.l, CHC13); JR 3035, 2926, 2854, 1661, 
1608, 1449, 1250, 1209, 835, 774; ’H NMR (CDC13, 300 MHz) 
ci 7.34-7.45 (m, 5H), 7.25 (m, 10, 6.82 (dd, J= 8.3. 1.2, In, 
6.67 (dd, J= 7.5, 1.2, 1H), 5.36 (s, 21-1), 3,75 (m, IH), 2.79 (m, 
24, 1.10 (d. J 6.1, 34. 1.02-1.42 (hr. 28H), 0.88 (a, 91-I), 
0.04 (s, 61-); 13C NMR (CDC13, 75 MHz) ci 171.3. 164.3, 162.8, 
134.9, 134,2, 129.0, 128.7, 128.7, 122.4, 115.6, 111.8,68.6,67.6, 
39.8, 36.8, 32.4, 29.8, 29.7, 29.6, 29.6, 25.9, 25.8, 23.8, 18.6, 
�4.4, �4.7; MS mix re1 intensity) 539 (EM - C4H9J, 7), 521 
(32), 477 (5), 447 (5), 431 (46), 221 (9), 207 (9), 195 (7), 181 
(3),159 (9),91 (100). 75 (12); C37H6004S1 (596.96) calcd C 74.45, 
H 10.13, found C 74.34. H 10.05. This compound (3.270 g, 
5.48 mmol), K2CO3 (0.907 g. 6.56 mmol), and benzyl bromide 
(780 jL, 6,57 mmol) were refluxed in DMF (30 mL) for 4 h. 
Et20 (150 mL) was added, and the mixture was successively 
washed with water (50 mL) and saturated aqueous NaHCO3 
(50 mL). After drying of the organic layers over Na2SO4 and 
evaporation of the solvents, the residue was chromatographed 
(hexane/ethyl acetate 30:1 - 10:1). yielding compound 9 as a 
colorless oil (3.505g. 93%): [a]20n �3.8° (c 2.3. CHC13); 1R3033, 
2926, 2854, 1732, 1583, 1268, 835, 774, 696; 1H NMR (CDC13, 
200 MHz) ci 7.24-7.42 (to, 10H), 7.21 (m, 1H), 6.79 (en, 2H), 
5.33 (s, 2H), 5.07 (s, 211), 3.75 (en, 11-I), 2.52 (m, 2H), 1.27-
1.54 (hr. 28H), 1.11 (d. J= 6.0, 3H), 0.88 (s, 9H), 0.04 (s, 6H): 
13C NMR (CDC13, 50 MHz) ci 168.2, 155.4, 141.6, 138.1, 136.8, 
135.7, 130.2, 128.6, 128.4, 128.2, 127.8, 127.1, 124.0, 121.8, 
109.9, 70.4, 68.7, 66,9, 39.8, 33.5, 31.3, 29.7, 29,6, 29.4, 25.9, 
25.8, 23.8, 18.2. �4.4, �4.7; MS mix (rel Intensity) 629 (fM - 

C4H91, 2), 611 (4), 585 (4), 567 (9), 521 (6), 493 (4), 431 (4), 
417 (16), 181 (23), 91(100); C44H6804S1 (687.09) calcd C 76.92, 
H 9.68, found 76.85, H 9.58. 

2-Benzyloxy-6-[(16R)-hydroxyheptadecyllbenzolc Acid 
Benzyl Ester (10). Compound 9 (3.500 g, 5.09 mmol) was 
treated with TBAF (1.0 M in THF, 7.0 mL, 7.00 mmol) for 15 
h at ambient temperature. Water (20 niL) was added and 

(25) For recent syntheses of other bloactive targets from this 
laboratory, see: (a) FOrstner. A.; Weintritt, H. J. Am. Chem. Soc 1998, 
120, 2817. (b) FOrstner, A.; Langemann, K. J. Am. Chem. Soc. 1997. 
119,9130. (c) FOrstner. A.; Muller, T. J.  Org. Chem. 1998, 63,424. (ci) 
Fcirstner, A.; Welntritt, H. J.  Am, Chew. Soc. 1997, 119, 2944. (e) 
Furstner, A.; Seldel, G. J.  Org. Chew. 1997, 62,2332. (0 Furstner, A.; 
Langemann, K. Synthesis 1997, 792. ( Fürstner, A.; Kindler, N. 
Tetrahedron Lett 1996. 37.7005. (h) F(trstner, A.; Langemann, K. J. 
Org. Chew. 1996, 61, 8746. (1) Fürstner, A.; Ernst, A.; Krause, H.; 
Ptock, A. Tetrahedron 1996, 52, 7329. 6) Furstner, A.; Welntritt, I-I.; 
Hupperts, A. J.  Org. Cheat 1995, 60, 6637. 
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Total Synthesis of Deaeetylcaloporoside, A Novel Inhibitor of The GABAA 
Receptor Ion Channel 

Kunlaki Tatsuta* and Shobel Yssuda 

Graduate School of Science and Engineering, Waseda University, Ohkubo, Shinjuku-ku, Tokyo 169, Japan 

Abstract: The total synthesis of deacetyl-cidoporoside (1) which contains a 3-D-
mannopyranoside unit has been accomplished by coupling of the disaccharide-like 
segment derived from methyl a-D-mannopyranoside, with the hydroxyheptadecyl salicylic 
acid segment. The biological activity of 1 has also been evaluated. 
Copyright ' 1996 Elsevier Science Ltd 

Deacetyl-caloporoside (1) is a novel fungal inhibitor of the binding of 35S-labelled t-

butylbicyclophosphorothionate (35S-TBPS) to the GABAA/benzodiazcpine chloride channel receptor complex in 

vitro. 0 On the other hand, ealoporoside (2) has been reported to inhibit phospholipase c.2) It would be 

therefore important to examine the possibility that deacetyl-caioporoside (1) also shows a similar enzyme 

inhibitory activity. 4-
Herein, we report the first total synthesis of deacetyl-caloporoside (1) by coupling of a disaccharide-like 

segment (8) with a hydroxyheptadecyl salicylic acid segment (18) as part of a ongoing program to clarify the 

mode of action of enzyme inhibitors.3’5) 

The segment  was synthesized from methyl a-D-mannopyranoside through a common intermediate 4. 

Methyl a-D-mannopyranoside was 0-benzylate4 (BnBr, NaH, DMF, 17h) and subsequently hydrolyzed [aq 

0.5M H2SO4AcOH (1: 4), 100°C, 1.5h] to give the protected mannose 3(71%, syrup), which reacted with 2-

naphthalcnethiol (BF3-Et2O, C112C12, 12h) to afford the l-thio-mannoside 46) (85%, syrup). On the other 

hand, NaBH4 reduction (MeOH, 22h) of 3 followed by selective silylation (TBDPSCI, intidazole, DMF, 1-5b) 

gave the alcohol 6), In -D-mannosylacion of 5, a large number of methods7’8) including glycosyl donors 

[phenyl- 1-thio and (pyridine-2-yl)- 1-thia-mannosides etc.] and solvents used were assayed; the selective 

formation of 3-mannopyranosides was in general difficult. The best result was realized by modification of the 

conditions of Fraser-Reid9) using the bulky glycosyl donor 4 and acceptor 5 in EtOAc (NIS, 0.15M TIOH in 

CH2Cl2, -40°C, l.$b). This process gave, after de-O-sllylation (TBAF, THF. 13h), the desired l-mannoside 
66) as the major product [64%, syrup, 104D -220 (c 0.9, CHCI3)] accompanied by the a-mannoside 76) [24%, 

syrup, I(k) +280 (c LO, CH03)]. The stereochemistry (P or a ) of the mannosides 6 and 1 was determined 

by NMR studies, especially based on the coupling constan&°) of iJ(13CH) (157 and 168 Hz, respectively) in 
13C NMR (CDCI3). The structures of 6 and 7 

were 

finally confirmed by the synthesis of 1. Oxidation of 6 

with oxalyl chloride-DMSO (Et3N, CH202, -780 0°C, 0.5h) gave the aldehyde, which was then treated with 

sodium chlorite (H2NS03H, aq dioxane, lii) to afford the corresponding carboxylic acid 86) [91%, syrup, 

U 
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- 9° (c 1.0, CHCI), FAB-MSm/z) 1Q77(M-H)i, The cs-manno ’do 7 was similarly coiverted into the 
carbox lic acid 96)189%, syrup, [aID +8.7 (c 1.0, CHCI3), FAB-MS( z) 1077(M-H)i. 

� e other segment IS was syntheize4 from the phosphonium saLt 10, which was *pare  from (R)-L3-
� bu ’olin our laboratories.1 1) �Jh Ydittg reaction (DMSO-Na}f, n-BuLl, THE, lb)1 1) f 10 with the 

� aldeby ell 12)  gave the ’bromo-o1efi 12, which was treated with PPh (MeCN, 80°C, 25h) t9 give the new 
pl.)ph nium salt 136) (90%, syrup). Tie second With8 reaction DMSO-NaH, 1.5b) ok 13 with the 

W1413)afforded a mixtureof łlefiis, which was submitted to ytic reduction (Hz, P1-C, EtOH) to 
Ziedth ’saturated alcohol 156) [64b, zn, 0-81°C(tolueno), [a]D -.20 (c 1.1, CRCI3), PB-MS(m/z) 

� 405(M- j. De.O-nicthylation14) with’LiC4 (DMF, 150°C, 3h) provided a salkylic acid  dnrivati’e 166) [87%, 
nip 77- 90C(toluene) (aID -3.80 (c 1.1, MO)], the physico-chemical ta being identical with those for the 

� naturall derived sample.!) 
� 

Ba ’cation of 16 (EtOAc-MeOft, 2b)w1th benzophenone hydrazo a and Hg015) (Pelt. et4ier, 3b) gave 
the be ydryl ester 176), which was $lcctt’ely benzylated (BnBr4 K2C 3, MC2CO3 15h) to the Icohol 186) 

�
 

485%, s p, [a] -2.7°.(c 1.1, CHCL3), MS(m/z) 671(M+Na)+]. 
The mal stage, coupling of the c o*lic acid 8 with the alcohol 8, was accomplished ly using the 

modified conditions of Yamaguchi.16) fte treatment of 8 with I-naph oyl chloride (EI3N, TW, lb), the 

solution as filtered and the filtrates were aciied to the alcho1 18 (D ,?hMe, ib) togive th ester 196) 
[74%, sy 

p (a]j) -22° (c 0.7, GICI3), FAB-MSm/z) l732M+H+Na. Hydros Ws of 19H2, Pd-C, 

� dioxanc AcOB) furnished the dcsire4l r4uct 16) [72%, syrup, [a]D .\19° (c 1.0, MeOH), FA-MS(zu/z) 

� 73 i(M41 ], which, was identical with nÆrdl deacetyl-caloporoside n all respects. 1) Slmllrly 9 was 
� transform d into the a-mannoside ana10 46) [58% total yield, syrup, \[a]b +180 (c LO, Me H), FAB-

� MS(m/z). 31(MH)through2O6)[syfl, 4] +8.0° 
(c 13, CHCI3), 1AB-MS(mFz) i732(M-,H+Na)J. � Coupling 1. the acid 8 

with, the 
alcohol 17, 

4iitbout protection of the ph nolic hydroxyl group, gave the 

� � product 1 belt In lower yield (20%) after ’cgenolysis. � � �� � � On pro ’ni’nary biological assays, botI 

ro4ucts 
I and 21 were found to xhlbita similar inhibltoy activity � against the, hiding of a 

ligand to the OAB/lnzodiazepine chloride cli I receptor complex in vi 10 (ICO � � � 60- 40.g �, and also against pbospholpasł F isolated from rat brain 5o 12 jiM). Further Liiological evaluation i underway and will be reported course. ’ � � Acknowje ginent: We are grateful to iJi Seika, Kaisha, Ltd., Slilico � Chemicals Co., 

Yamanouchi 
� � Pharmaceud al Co., Ltd. and the Institute of f4obial Chemistry for the gene us support of our Pro8kun. REFEREN S AND NOTES L Shan, , Arike, H., Nielsen, M, Steo r , Witt, M P.. Nat ProS u 4, 171 (1994) 2. Weber, W.;Schu, P.; Mike, T.; Veltei R Stegllcb, W. .J. Antibiat., 4 , 1188(1994). � 3. � .Tazsu !C; Niwata, Y.; K.; ?ata, M. Tetrahedron LeU.,, 31 1171(1990). Tosmima, 4. Tatsu K.; Kitagawa, M /. Anhibiot. ,47, $9 (1994); HŁserocycies, , 1233(1994). � 5. Tatauta, K.; Mlurà, S.; Obta, S.;GunjL 2etrahedron Len., 36,1085 ( 995). � � , 6. All co pounds were purified by silica oIumn chromatography an or recrystallization, atd were � �’ fully c ,’ tezi.zed by spectroscopic m ’ . )ptica1 rotations were in d using a Oi din tube at\ 22°C. � 
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Como resultado del Examen de Fondo, realizado con fundamento en el articulo 
45 de la DecisiOn 486 de la ComisiOn de la Comunidad Andina, se comunica: 

Documentos estudiados: 

Descripción: Folios 35 a 58 como se radicO inicialmente. 

ReMndicaciones: Folios 59 a 61 como se radicó inicialmente. 
Folios 136 a 137 como se fue modificado. 

aPrioridad: DE 101 11682.9 (09/03/2001) 

Objeto de (a lnvenciôn 

Titulo de la invenciOn: "Derivados de caloporôsido, procedimiento para 
repararlos" 

Problema TØcnico Planteado: "Necesidad de riuevos compuestos 
quimioterapØuticos capaces de alterar el ciclo celular al inhibir las quinasas 
dependientes de cicHnas" 

SoluciOn: "Proveer compuestos activos producidos por la cepa Gloeoporus 
dichrous" 

I PC: A6IK 31/70; C07H 13/06 

- Excepciones a (a Patentabilidad (Art 20 D 486 literal c) 

Aunque los microorganismos se consideran una excepciôn a la prohibiciOn de (a 
patentabilidad, esta excepciOn es vÆlida siempre y cuando el microorganismo 
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que se desea proteger no sea un simple aislamiento de la naturaleza sino que se 
trata de un microorganismo mutante o que en general posea una caracterIstica 
funcional que 10 diferencia de la forma natural del mismo. 
Por Ia tanto, Ia materia reclamada en la reivindicación 12 que trata del 
microorganismo Gloeporus dichrous, sin ninguna caracteristica funcional que 
defina la cepa no se considera un material patentable. 

AnÆlisis de la Solicitud de Patente 

Reivindicaciones (Art 30 D 486, Art 22 PCT) 

Claridad y concision: 

La reivindicaciOn 8 dice: 

"Procedimiento para Ia preparaciOn de un compuesto de formula I a de una sal 
de el fisiologicamente tolerada de acuerdo con una o varias de las 
reivindicaciones I a 7, caracterizado par que el microorganismo G!oeoporus 
dichrous (Fr:Fr) Bres. ST001714, DSM 13784 a de una de sus variantes o 
mutantes se fermentan baja condiciones apropiadas, uno o varios derivados de 
caloporOsido se alsian y eventualmente ellos son convertidos en sales 
fisiolOgicamente toleradas", con respecto a la cual se anota to siguiente: 

( Existen problemas de redacciOn, se da a entender que el proceso esta 
caracterizado por que el microorganismo se fermenta, Ia cual 
tØcnicamente no es correcto. 

i Presenta que la fermentaciOn ocurre "bajo condiciones apropiadas", Ia que 
no es objetivo y no define las condiciones particulares del procedimiento. 

La reivindicaciOn 11 dice: 

"Procedimiento para la preparaôiOn de medicamentos de acuerdo con la 
reivindicaciôn 11, caracterizado por que at menos un..." lo que demuestra una 
falsa dependencia de si misma. 

La reivindicaciOn 9 presenta el mismo inconveniente, ya que esta depende de si 
misma. 

Soporte en Ia descripciOn: 

La reivindicaciOn I define RI, R2, y R3 coma hidrógeno o radicales acilo de 2 a 
10 Ætomos de carbono, donde el acilo puede ser una cadena lineal, ramificada, 
saturados, monoinsaturados a diinsaturados, y define a R4 como hidrOgeno o - 
C(0)(CH2)nCOOH y a n como 7 y en la parte experimental solo se muestran 
caloporósidos B, C, D, E y F. Se sugiere limitar el alcance de la definición de los 
radicales para la molØcula. 

La reivindicaciOn 8 no estÆ soportada en cuanto a las variantes y mutantes de la 
cepa de Gioeoporus dichrous, por que sOlo (folio 41, pÆrrafo 2) presenta la forma 
general en Ia cual se puede obtener un mutante do una cepa, pero no aporta 
ejemplos 0 datos que prueben que Ia invención ha sido desarrollada por una 
cepa mutante. 
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Determinaclón del Estado do (a TØcnica 

El Estado de la TØcnica se deterniinô con base en la fecha de presentaciôn 08-
03-2001 y se encontraron los siguientes documentos que anticipan el objeto de 
esta solicitud: 

Item Documento Titulo Fechade 
Publicaciôn 

Dl J.Org.Che 
m1998.63.3072-3080 

Total synthesis of Caloporoside 16.04.1998 

Tetrahedron letters Vol Total Synthesis Of Deacety!-
04 37, No 14, pp 2453- Caloporoside, A Novel Inhibitor Of 1996 

2456 The GABA A Receptor ion Channel I  

AnÆllsis do Patentabilidad (Art 14 D486) 

Nivel Inventivo (ArtI 8 D486) 

La reivindicación I dice: "Un compuesto de formula I en (a cual RI, R2 y R3 
independientemente uno del otro son hidrageno 
o radicales acilo que tienen 2-10 Ætomos de 
carbono; y R4 es hidrOgeno 0 - 
C(0)(CH2)COOH, en donde n es I a 7; con la 
excepciOn de que RI, R2, R3 y R4 no son todos 
H; y sus sales fisiolOgicamente toleradas." 

Di enseæa el compuesto caloporOsido coma un 
inhibidor potente y selectivo de (a actividad de 
fosfolipasa C y su anÆlogo deacilado (pÆgina 
3073, figura 2); asI como tambiØn una ruta 
sintØtica que incluye la protecciOn do ciertos 
sitios de la molØcula con grupos como OAc en 
(a posiciOn de R3 segün la presente solicitud 
(pagina 3073, columna 2, figura a la derecha). 
Dl tamblØn presenta que el caloporósido es un 
Caloporous dichrous, 

OOR, 

no..L0

 

OR coon 

0 OR 

OR4 OR4 

producto de el microorganismo 

El compuesto de la presente solicitud se diferencia de DI en que Ri, R2, R3 y 
R4 no son todos H y quo la manosa no posee grupos sustituyentes en Dl. 

El Efecto TØcnico quo logra (a diferencia es la actividad inhibitoria especifica 
sobre CDK-4. 

El Problema TØcnico Objetivo de esta solicitud es la necesidad de proveer 
compuestos alternativos para inhibir CDK-4 

D4 describe (a obtenciOri del analogo deacetilado del caloporOsido el cual posee 
actividad inhibitoria del caloporOsido sabre (a fosfolipasa C (pÆgina 2453, pØrrafo 
1) y las formas de proteger (a manosa y el resto de la molØcula por media de un 
grupo bencilo (pagina 2454 y 2455). 

Para el experto, D4 sugiere grupos sustituyentes sobre el azUcar de (a molØcula 
lo cual sugeria al experto a incorporar sustituyentes en dicha posiciOn en los 
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compuestos caloporôsidos ya revelados pot el estado del arte coma Dl, para 
ilegar a los compuestos mostrados por la presente solicitud. 

Se concluye que la materia reclamada en la reivindicaciôn I y sus dependientes 
carecen de nivel inventivo. 

Conclusion 

Los requisitos de Patentabilidad de la presente Solicitud se encuentran afectados 
asi: 

Reivindicaclones Requisito que 
Documento afectadas afecta 

-J.Org.Chem 
Dl 1-7,11 Nivel inventivo 

1998.63,3072-3080  
Tetrahedron letters Vol 37, No 

- 1-7, 11Nivel inventivo 
- 14,pp2453-2456 _______________ _______ 

Respuesta a los argumentos del solicitante: 

El Seæor solicitante argumenta que en relaciOn a la formula I de la presente 
invención, los grupos RI a R4 no pueden representar H y D2 solo menciona 
derivados de caloporOsido en donde R1 -R4 son H, pot lo que no destruye la 
novedad de los derivados de ca)oporôsido enseæados por la presente invenciOn. 

A este respecto, este despacho reconoce que los compuestos 
presentados pot D2, corresponden a deacetilcaloporOsido a caloporOsido, 
que no corresponden a los mismos compuestos reclamados por la 
presente solicitud. 

El Seæor solicitante menciona que no tiene en cuenta DI ni D3 para realizar la 
evaluación de nivel inventivo dadas las fechas de publicación y la difIcil 

. consecuciôn de las mismas anterioridades. Afirma que Faenza. Et al. J, Biol. 
Chem 2000, 275, 30520-30524 muestra: que la inhibición de fosfolipasa C 
influencia la proliferaciôn celular, que con un aumento en la expresión de 
fosfolipasa C hay un incremento de CDK4, pero no que CDK4 sea inhibida par 
caioporôsido y ni que existe un efecto antiproliferativo resultante de la inhibiciôn 
de CDK4 mencionada por dicha referencia. 

A lo anterior, se aclara que en el concepto tØcnico 569 se identificó  a Dl 
como J.Org.Chem.1998, 63, 3072, cuya publicaciOn fue hecha en Abril 16 
de 1998. Se acepta que D3 no sea tenida en cuenta para el anÆlisis. 

Se anota que en el estado del arte estos compuestos hablan sido 
reconocidos por ser inhibidores fuertes y selectivos de fosfolipasa C (Total 
synthesis of deacetvlcalcproside. A novel Inhibitor of the �iaba Receptor 
[oh Channel. pÆoina 1. pÆrrafo 1), esto junta COfl lo sugerido par Faenza, 
cuando dice que la inhibición de (a enzima fosfolipasa C altera el ciclo 
celular, motivaria at .experto a pensar que el caloporOsido y sus derivados 
tienen una actividad inhibitoria de enzimas que tienen acciôn sobre el ciclo 
celular, resultando en una acción citotOxica. 
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En cumplimiento del artIculo 45 de (a Decision 486 de (a ComisiOn de (a 
Comunidad Andina, se le indica que debe dar respuesta dentro del tØrmino de 
60 dIas contados a partir de la fecha de notificaciOn de la presente 
comunicaciOn. En caso de no dar respuesta al presente requerimiento, 0 si a 
pesar de la respuesta subsistieran los impedimentos para la concesión, se 
denegarÆ la patente. 

Notifiquese el presente oficio co orme a lo dispuesto en el numeral 5.2, literal 
e), del capItulo quinto de tItulo I erode (a Circular Unica No 10 de 2001. 

ALIX CARMENZ CESPEDES DE VERGEL 
Directora de Nue as Creaciones 

El anterior requerimiento fue notificado por fijaciOn en lista, de fecha 
i_L IO 

CONCEPTO TECNICO EXAMINADOR TECN(CO 
NUMERO: 2959 C6digo:202092 
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